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Dear Chairs and Members of the Committee on Children:

F am writing in support of Raised Bill No. 207, AN ACT CONCERNING FUNDING
FOR A LYME DISEASE PREVENTION AND EDUCATION PROGRAM. Awarding
$450,000 to implement and sustain a statewide Lyme disease prevention effort will be a
wonderful step towards addressing a major public health issue in our state. [am a
researcher who has been studying the prevention of Lyme disease since 1998. Ilive and
work in Uyme-endemic Connecticut. I believe that more tick-borne disease prevention
education is greatly needed in our state.

Lyme disease and other tick-borne diseases are a major public health concern in the
northeastern United States. Connecticut is among the top states reporting cases of Lyme
disease, primarily because its residents live and recreate in very close proximity to
blacklegged ticks. Many people are unaware that the highest risk for Lyme disease
occurs in one’s own backyard. In addition, they do not know that children under the age
of 10 are among those at the greatest risk for contracting the disease. Sadly, the research
shows that most people do not consider taking Lyme disease prevention precautions until
after a family member has already become sick. The same tick that carries and transmits
the organism that causes Lyme disease can also transmit several other disease-causing
agents that can be debilitating and even fatal to humans. There is no vaccine currently
available for any of these ailments. To complicate matters, the diagnosis of Lyme
disease is sometimes challenging and controversial. Some people who become sick from
tick-borne illnesses suffer long-term effects, which come at a great economic burden to
society. Therefore, the successful prevention of Lyme and other tick-bore diseases is
crucially important to protecting the health of Connecticut residents.

Working with a team of researchers at Yale Emerging Infections Program, the
Connecticut Department of Public Health, and the Centers for Disease Control and
Prevention, we conducted a three-year study here in Connecticut that investigated the
most effective practices for preventing Lyme disease in our residents. The results of that
study were published in the Journal of Preventive Medicine in 2009 (attached).
However, there is a great need to disseminate these and other scientific findings into the
public realm so that we can have an impact on human health.

The BLAST program, started by the Ridgefield Health Department, promotes not only
the protective measures we identified in our 2009 study, but also other prevention
measures that are supported by the scientific literature. I have served as a scientific
advisor to the BLAST program since its conception. I have seen BLAST program staff
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working in the community at health fairs and other events. The public response to their
presence has been impressive. Connecticut residents are eager for prevention
information. Ibelieve the BLAST program does an excellent job at educating the public.

A commitment of state funds to implement and sustain a statewide tick-borne disease
prevention program using the BLAST model would benefit the health of Connecticut
residents. 1 am in support of Raised Bill No. 207.

Best Regards,

Lol

Neeta Pardanani Connally, MSPH, PhD

Assistant Professor

Department of Biological and Environmental Sciences
Western Connecticut State University
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Peridomestic Lyme Disease Prevention
Results of a Population—Based Case—Control Study

Neera P. Connally, PhD, Amanda J. Durante, PhD, Kimberly M. Yousey-ITindes, MPI1, James 1. Meek, MPH,

Randall S. Nelson, DVM, Robert Heimer, PhD

Background:

Purpose:

Methods:

Results:

Conclusions:

Peridomestic Lyme disease—prevention initiatives promaote personal protection, landscape
modification, and chemiical control,

A 32-month prospective age- and neighborhood-matched case—control study was con-
ducted in Connecticut to evaluate the effects of peridomestic prevention measures on risk
of Lyme disease.

The study was conducted in 24 disease-endemic Connecticut communities {rom 2005 to
2007. Subjects were interviewed by telephone using a questionnaire designed to elicit
disease-prevention measures during the month prior to the case onset of erythema
migrans. Data were analyzed in 2008 by conditional logistic regression. Potential confound-
ers, such as occupational/recreational exposures, were examined.

Between April 2005 and November 2007, interviews were conducted with 364 participants
with Lyvme discase, and 349 (96%) were matched with a suitable control. Checking for ticks
within 36 hours of spending time in the yard at home was protective against Lyme disease
(OR=0.55; 95% CI=0.32, 0.94}. Bathing within 2 hours after spending time in the yard was
also protective (OR=0.42; 95% CI=0.23, 0.78). Fencing of any type or height in the vard,
whether it was contiguous or not, was protective (OR=0.54; 95% CI=0.33, 0.90). No other
landscape modifications or features were significantly protective against Lyme disease.

The results of this study suggest that practical activities such as checking for ticks and
bathing after spending time in the yard may reduce the risk of Lyme disease in regions
where peridomestc risk is high. Fencing did appear to protect against infection, but the

mechanism of its protection is unclear.

(Am J Prev Med 2009;37(3):201-206) ® 2009 American Journal of Preventive Medicine

Introduction

he highest risk for Lyme disease in the north-

eastern U.S. occurs in the peridomestic environ-

ment."™ Efforts to prevent infection, in the
absence of a vaccine, have focused primarily on pre-
venting exposure to the tick vector Ixodes scapularis
{commonly known as blacklegged ticks or deer ticks).
Recommended peridomestic prevention measures pro-
mote three strategies: personal protection, landscape
intervention, and chemical conerol.? ,

Personal protective measures include performing
tick checks (i.e., inspecting body parts for ticks) and
wearing protective clothing. Landscape interventions
that seek to create an inhospitable environment for

From the Connecticut Emerging Infections Program (Connally,
Yousey-Hindes, Meek, Heimer), and the Yale Center for Public
Health Preparedness (Durante), Yale School of Public Fealth, New
Haven; and the State of Connecticut Department of Public Health
(Nelson}, Hartford, Connecticut

Address correspondence and reprint requesis to: Neeta P.
Connally, PhD, Connecticut Fmerging Infections Program, One
Church Street, 7th Floor, New Haven CT 06510, E-mail:
neeta.connally@yale.edu,

Am J Prev Med 2009;37(3)

©.2009 American Journal of Preventive Medicine ¢ Published by Elsevier Inc.

ticks and their hosts, while maintaining a safe zone for
recreation, include creating a dry barrier of gravel or
mulch between lawn and woods or instaling deer-
exclusion fencing. Chemical control measures include
spraying acaricide to reduce the number of ticks in the
yard at home.

Several studies have identified a number of perido-
mestic risk factors for Lyme disease.>" ! However, few
have examined the effectiveness of recommended
Lyme disease—prevention measures, and these have
produced conflicting results. One study”’ showed no
significant differences in personal protective measures
taken by Lyme disease cases versus their age-matched
controls. In contrast, another study'® found that people
who applied repellent before going outdoors or rou-
tinely checked for ticks while outdoors were less likely
to get Lyme disease. However, checking for ticks after
coming in {from being outdoors was not shown to be
protective against Lyme disease. Data from another
study'® indicated that wearing protective clothing or
repellent was more commonly practiced among people
who did not have Lyme discase. Although chemical

0749-3707/09/%-see front matter 201
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conirol measures are effective at reducing the num-
ber of infected ticks in the peridomestic environ-
ment, %1718 it is unknown if these measures reduce
discase risk. In fact, the effectiveness of any Lyme
disease—prevention measure taken specifically in the
peridomestic environment has not been examined in
detail. Accordingly, a case~control study was conducted
to evaluate the effectiveness of recommended measures
for preventing Lyme disease peridomestically.

Methods
Study Population

A 32-month, populatdon-based, 1:1 age- and neighborhood-
matched Lyme disease case-control study was conducted in
24 Connecticut towns where Lyme disease is endemic. The
study towns were located within three health districts in
Fairfield, Litchfield, and New London counties. During the
study period, these counties reported a mean incidence of 47,
189, and 133 cases per 100,000 populaton, respectively. These
health districts have had ongoing Lyme disease education pro-
grams in place since 2000. It is likely that residents of the towns
had some exposure to disease-prevention education.

Cases were identified from Lyme disease reports submitted
to the Connecticut Departnent of Public Health. Cases were
defined strictly as those living in the stuely area with an onset
date falling between April 2005 and November 2007, and with
physician-diagnosed EM to identity incident cases. To enroll
cases, attempts were made to reach them by telephone a
minimum of 15 times within a -3-month period from the
reported EM onset date. Once a case was enrolled, subse-
guent cases from that address were ineligible.

Risk for exposure to blacklegged ticks varies greatly by
landseape.'® To minimize ecologic variability between case
and control residences, a neighborhood-matched controk
was sought for each enrolled
case. In addition, Lyme disease

history of Lyme disease during the current year, was enrolled,
All case and control subjects had to have lived on a property
with a yard, and a resident of the household had to have becn
responsible for the yard maintenance decisions.

Data Collection

Subjects were imterviewed by telephone about peridomestic
Lyme disease—prevention measures by trained interviewers
using a standardized questionnaire. As often as possible, the
same person intervicwed both the case and its matched
control. Interviews occurred within 3 months of the case’s EM
onset, in order to minimize recall error. Because EM typically
appears within 3-30 days after infection, subjects were asked
about the frequency of the prevention measures taken in the
month prior to the onset of EM. The questionnaire was used
to measure landscape features, chemical control practices,
personal protective behaviors, and possible confounders
(Table 1; Appendix A, available online at www.ajpm-online.
net). A parent was interviewed as a proxy for minors. Verbal
consent was obtained from each participant before admin-
istering the questionnaire. This study was approved by the
Human Investigations Committees at the Yale University
School of Medicine and the Connecticut Department of
Public Health.

Statistical Analysis

The number of matched pairs required for this study was
calculated to detect an OR of 0.5 given a 0.05 significance
level, 0.80 power, and a 0.20 correlation between case and
control exposure status using PS Power and Sample Size
Calculations Software.” The correlation estimate of 0.20 was
based on recommendations suggested previously.™ Assuming
that outdoor repellent use among controls would be 25%,
256 matched case—control pairs were required to detect an
OR of 0.5 for using repellent. A total of 349 matched pairs
were analyzed. Data were analyzed in 2008 using SAS version

risk js agerelated, with most

Table 1. Variables measured in a peridomestic Lyme disease-prevention case-contrel study

cases reported from children

Landscape features/modifications

Potential confounders

and middle-aged adults ®1%771#
Therefore, case—contrel pairs
were also matched by age using
four age groups: 1-10 years,
13-17 years, 18—49 years, and
=50 years. Telephone numbers
for potential controls were iden-
tified using a spatially explicit
telephone database {InfoUSA,
Omaha NE). Unlisted telephone
numbers, cell phone numbers,
and voice-over Intermet protocol
numbers were not included n
the database. A search was done
for residential telephone num-
bers within 0.2 mile-increments
around the case address until
at least 30 numbers were com-

Mowing frequency®

Branch trimming®

Leaflitter clearing”

Use of a birdfeeder {April-October})

Presence of a vegetable garden in yard

Presence of recreational areas (e.g.,
playscapes)

Presence of a stone wall or log pile

Presence of fencing around the property

Presence of a mulch or gravel dry barrier
where lawn met woods

Personal protection®

Performing tick checks

Wearing long pants and/or light-colored
clothes

Bathing after spending time outdoors

‘Tucking pants into socks

Wearing repellent

Wearing clothing treated with permethrin

insecticide :

Presence of woods in or adjacent to yard

Pet or livestock ownership

History of travel to tick-endemic areas

Recreational exposure to ticks (outside
of yard)

Amount of time spent in the yard

Occupational exposure to ticks

Use of prophylactic antibiotic therapy
after recognized tick bite

Gender

History of Lyme discase

Chemical control measures

Acaricide and other pesticide use
Rodent-targeted tick-control device use”

piled. Phone numbers were
called randomly unti an age-
matched individual, with no
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*The number of times the lawn was mowed during the month prior to erythema migrans cnset
BMeasured whether the activity was practiced during the month prior to erythema migrans onset
“Includes fipronil bait boxes or tubes containing permethrin insecticide-treated cotton
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- 9.1. Conditional logistic regression analyses were performed
to calculate ORs and 95% Cls associated with prevention
measures in matched case—control pairs.”' Variables with
£<.0.20 in the univariate analysis and that were biologically
plausible were included in the multivariate analysis.*** Back-
ward eliminatton was used to arrive at the most parsimonious
final mode), Variables that were significant in the univariate
analysis but had too few observations for evaluation were not
entered in the final model. Several questions were designed
to gauge frequency of a behavior. However, most preventive
behaviors, when practiced at all, were not performed fre-
quently. Therefore, the responses to frequency-based ques-
tions were dichotomized, comparing “never” to all other
categories.

Results
Study Population

During the study period, 927 EM cases were reported
from the 24town area. The median age for cases
reported was 49 years (range: 1-95 years); 29% of
reported cases were aged <18 years, and 42% were
aged 41-60 years. EM onset occurred most frequently
during the months of June (32%) and July (38%). A
total of 706 cases (76%) werc called, and 485 (52%)
were reached within 3 months. There were 221 cases
that were not contacted; 125 cases (13%) were missing
pertinent data on their report forms (age, onset date,
or contact information); 51 (6%) were received by our
office beyond the requisite 3-month period; 22 cases
(2%) were enrolled {(or someone in that patient’s
household was enrolled) during a previous study year;
in 13 cases (1%), the reportng physician requested
that the case not be contacted; and 10 (1%) cases lived
at known apartment complexes without yards.

Of the 485 cases reached by telephone, 69 (14%)
refused to participate; 21 (4%) did not make yard
maintenance decisions; 11 (2%) claimed not to have
had Tyme disease; 7 (1%) did not have a yard; 7 (1%)
were ineligible due to physical/mental impairment or
language barrier; and 6 (1%) did not live in the study
area. A total of 364 cases (76%) were enrolled. The
proportion of cases enrolled from each health district
was similar to the proportion of EM cases reported to
the state health department from each district. A
control subject was enrolled for 349 {96%) of the
entolled cases. A total of 127 control subjects (36%)
lived < 0.2 miles from their matched cases; 109 controls
(67%) lived within 0.4 miles; 57 controls (83%) lived
within 0.6 miles; 27 controls (92%) lived within (.8
miles; and 29 controls (100%) lived within 2 miles of
their matched case subjects. A total of 100% of enrolled
minor controls and 62% of adult controls were matched
within 10 years of the case age. Cases and controls were
demographically similar, except that control subjects
were significantly more likely to be women.
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Univariate Analysis

Univariate analysis of matched case—control pairs indi-
cated that control subjects were significanty more
likely to perform tick checks within 36 hours (OR=
0.64; CI1=0.43, 0.94) and to bathe within 2 hours
(OR=0.60; CI1=0.38, 0.96) after spending time in the
yard. No significant differences between cases and
controls were found regarding the following personal
protective measures: wearing long pants, wearing light-
colored clothing, and using repellent. No sigmificant
differences were found between cases and controls with
respect to the following landscape features or chemical
measures: mowing frequently, trimming branches,
clearing leaf litter, using birdfeeders, having a vegeta-
ble garden, having a stone wall or log pile, having a
fence around the property, having a dry barrier, and
spraying pesticides (Table 2). The effectiveness of
several prevention measures could not be evaluated,
since infrequent practice made it difficult io ascertain
differences between case behavior and control behavior
(Table 8). These measures were not included in the
univariate analysis.

Multivariate Analysis

Six variables were included in the final model (Table 4).
All possible interactions between variables were exam-
ined, and no significant interacton terms were found.
Performing tick checks within 36 hours after spending
time in the yard (OR=0.55; Ci=0.32, 0.94) and bathing
within 2 hours after spending time in the yard (OR=
0.49; CI=0.2%, 0.78) remained significantly protective,
and having a fence on the property (OR=0.54;
CI=0.33, 0.90) was also protective against Lyme dis-
ease. Wearing repellent when out in the yard at home
also appeared to be protective; however, this finding
did not reach significance (OR=0.59; CI=0.35, 1.03).

Discussion

Two personal measures were observed to be protective
against Lyme disease: performing tick checks and bath-
ing shortly after spending time outdoors. Because stud-
ies®**® have demonstrated that it takes more than 24
hours for blacklegged ticks to transmit the etiologic
agent, prompt removal of tdcks found attached to the
body is a logical method of Lyme disease prevention.
The effectiveness of performing tick checks has been
suggested previouslys‘m; however, this is the first time it
has been demonstrated in a peridomestic setting. Fre-
quent bathing is not a commonly recommended Lyme
disease~prevention measure. Although it is unlikely
that bathing will remove ticks that have attached to the
body, taking a shower or bath soon after spending time
outside may remove ticks that are yet unattached, or
may create an opportunity to find ficks on the body. In

Am J Prev Med 2009;37(3) 203




Table 2. Univariate conditional logistic regression analyses of Lyme disease~prevention measures taken by case-control

subjects
%, o Matched
n* cases controls pvalue OR 95% CI
Personal protective measures
Performed tick checks within 36 hours after spending 617 57 65 0.02 0.64 0.43,0.94
time in the yard
Bathed within 2 hours after spending time in the yard 592 77 8b 0.03 0.60 0.38,0.96
Wore repellent while in the yard 617 33 41 0.07 0.71 0.49, 1.02
Wore light-colored clothing while in the yard 570 88 90 >0.20
Wore long pants while in the yard 614 65 70 >0.20
Landscape features/modifications
Mowed lawn 3 or more times in the month prior to 636 79 73 0.07 1.45 0.97,2.11
erythema migrans rash onset
Used a birdfeeder {April-Cctober) 695 55 49 0.14 1.29 0.92,1.80
Had woods adjacent to property 693 52 48 6.17 1.32 0.89,1.98
Had a vegetable garden 697 36 31 0.07 1.36 0.97,1.91
Had a fence on the property (any type) 697 38 44 0.14 0.79 0.58, 1.08
Had a stone wall 689 60 61 >0.20
Had a log pile in the yard 695 53 50 >{(.20
Trimmed branches back where lawn met woods” 522 83 85 >0.20
Cleared leaf litter from where lawn met woods” 523 54 46 >0.20
Had a dry barrier where Jawn met woods” 524 12 16 >0.20
Chemical control measures
Sprayed acaricide during the past 2 years 454 10 12 >{.20
Used pesticides [or pests other than ticks 673 23 26 >0.20

*Sample size was affected if subjects refused to answer or did not know the answer to the question. Subjects may have performed more than one

preventive measure.
PIncludes only subjects that had weods adjacent to their properties.

addition, the act of bathing may indirectly prevent tick
bites in that it necessitates the removal of clothing that
may he carrying blacklegged ficks.

The current data also suggest that the use of insect
repelient may be protective, although this result was
not significant. This finding applies to all reported
repellents including those that may not contain N,N-
diethyl-34methvitoluamide (DEET), but it does not
include permethrin insecticide applied to clothing,
which occurred infrequently. The effectiveness of insect
repellents has been shown prt:viousliy,]0’12 but not in the
peridomestic environment. Promoting tick checks, bath-
ing, and using insect repellent as a part of future Lyme
disease-prevention efforts may be successful, because
people living in disease-endemic areas perceive these
prevention measures as effective and easy to practice.®

Other personal protective measures, such as wear-
ing long pants and light-colored clothing, did not
appear to effectively reduce

dents reported using personal protective measures when
spending time outdoors, but that residents werc less
likely to employ these measures within their own yards.
Residents may purposely not wear protective clothing
or utilize other proteciive practices when spending
time in the vard because of a perception that the
highest risk for tick exposure is found when engaging
in outdoor activities outside of the yard.

Surprisingly, the presence of any type of fence,
including short fences, those that do not entirely
enclose the yard, and those that may fail to block access
for host animals (e.g., splitrail fences), appeared to be
asseciated with a reduced risk for disease. It may be that
the presence of any barrier may be sufficient to reduce
the number of white-tailed deer visiting the property.
Alternatively, a fence might keep people away from
wooded areas, thus lowering the risk of tick exposure.

Lyme disease risk. Results

of previous studies have gy subjects

. Table 3. Infrequently practiced Lyme disease—prevention measures among case—control

yielded varying results with
regard to the effectiveness

of protective clothing,™'®
as well as the perceived ef-
fectiveness of various pre-
vention measures.”” Further,

n % cases % controls
Wore clothing treated with permethrin insecticide 587 0.7 0.7
Used rodenttargeted tick-control devices 688 3 2
Received prophylactic antbiotic therapy after uck bite 156 4 6
Had deer-exclusion fencing around property 697 6 7
Tucked pants into socks 421 8 10

it has been found® that 46%
of surveyed Connecticut resi-
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“Sample size was affected if subjects refused to answer or did not know the answer to the question, Subjeces
may have performed more than one preventive measure,
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Table 4. Multivariate conditional logistic regression
analyses of Lyme disease-prevention measures taken by
case—control study subjects®

Adjusted OR
(95% CI)

Personal protective measures
Performed tick checks within 36
hours after spending time in the
yard ’
Bathed within 2 hours after
spending time in the yard
Wore repellent when spending time
in the yard
Landscape featmres,/modifications
Had a fence on the property
Had woods adjacent to yard

0.55 (0.32, 0.94)

0.42 (0.23, 0.78)

0.59 (0.35, 1.03)

0.54 (0.33, 0.90)
1.53 (0.79, 2.95)

Confounders®
Had an occupational exposure to 1.72 {0.84, 5.54}
ticks

*Table depicts results of the final multivariate model. The initial
multivariate model also included the following variables that were
removed by backward climination: presence of a vegetable garden,
birdfeeder use, frequent lawn mowing, cat swnership, and gender.
*Depicts risk factors and other potentially confounding variables
listed in Table 1 that remained in the multivariate analysis after
backward elimination.

However, there may be factors contributing to this
result that were not measired. More data are needed to
further evaluate this finding.

The current results did not support those hypothet-
ically protective measures that were infrequently prac-
ticed within the study population or were routinely

practiced by both cases and controls. Further study of

these variables may be warranted in order (o examine
why these measures are or are not adopted by the
public and whether, if used, they could be cffective in
reducing risk for Lyme disease.

The current analysis was based on self-reported data,
which have various inherent limitations. Because most
variables measured in this study were behavioral, there
is no alternative assessment method. Additionally, in-
terviewers were aware of the case/conirol status of the
enrollees. This knowledge is a source ol potential
observer bias. However, all interviewers were trained to
administer the questionnaire in a standard manner.
Further, it is possible that cases were more likely than
controls to recall behaviors that may have led them into
contact with ticks because their diagnosis could have
caused them to contemplate such factors. Interviews
were completed within 3 months of EM onset to
minimize lapses in recall of prevention measures.

The study design precluded the researchers contact
ing potential controls who did not have landline tele-
phones or-who maintained unlisted numbers. Cases
were not subject to this limitation. This difference
could have introduced selection bias if people withourt
a listed landline telephone number differ systematically
with regard to their Lyme disease-prevention practices
or their peridemestic landscape.
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Neighborhood matching was conducted to minimize
variation in envirommental characteristics surrounding
subject homes. However, research indicates that tick
densities can vary greatly at a fine scale.” Case—control
pairs in the current study generally lived close to one
another, but entomologic and landscape factors were
not measured directly. Therefore, it is not known
whether case and control properties had similar tick
densities. Environmental variation that remained after
the neighborhood matching process could have re-
sulted in an underestimation of the protective effect of
measures taken to prevent infection, because people
who live in environments with high tick densities may
be more likely to practice protective behaviors.

Further, even though Lyme disease risk may be
peridomestic, residents of Lyme disease—endermic areas
may be exposed to blacklegged ticks in other outdoor
environments where they have no control over the
landscape. Therelore, making landscape modifications
or using chemical control within the yard at home may
not necessarily reduce true risk of exposure.

This study sought to evaluate the effectiveness of
recommended peridomestic Lyme disease—prevention
measures. The findings emphasize the need to promote
personal protection measures to reduce the risk of
Lyme disease. It is encouraging that the identified
protective measures— checking for ticks, bathing, and
possibly using repellent—are inexpensive enough that
anyone can use them to reduce their risk, and not only
peridomestically. The findings also suggest that fencing
may protect against infection, but because this included
any and all fencing, further study is needed to clarify
what aspect of fencing is protective. Health practitio-
ners in Lyme disease—endemic areas should educate
the public about these simple, practical methods for
reducing peridomestic Lyme diseasc exposure.

This study was supported by Cooperative Agreement
1001CI000167 from the CDC, and the Connecticut Depart-
ment of Public Health. Its contents are solely the responsibil-
ity of the authors and do not necessarily represent the official

- views of cither institution. We thank Jennifer Garnett for her

coordination of the final season of data collection, and the
graduate students who conducted interviews and performed
data entry. We are also grateful to Susan Perlotto as well as
Lyme disease surveillance staff at the Ledge Light, Torrington
Area, and Weston—Waestport Health Districts for assistance
with case reports.
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